Statistical Methods
The average values of the various repetitive unwinding parameters are presented with error bars representing the standard error on the mean (S.E.) = n D S . .
. In most cases the column bar represents the mean ± S.E. for a single experiment (N=1) calculated from n measurements). While in other cases each column bar is the average of the mean from N separate experiments (each calculated from the mean of n measurements). To calculate the error bar for this value (σ), we label the calculated S.E. from each experiment as σ i . The error bars then represent the following calculation based on the σ i calculated in each of the N experiments.
In Table II we compare the average (i.e. mean) values of repetitive unwinding parameters in the presence and absence of hRPA. The relative effect of hRPA is calculated as the mean difference between the two values for each parameter ± error on the mean difference. To determine if this difference is statistically significant, we calculate sigma for each difference. The higher the number of sigmas, the more statistically significant the effect of hRPA is. 
Methods
Reactions were performed using FK34 DNA ( Figure 1A ) either fluorescently-labeled as is or additionally labeled with [ 32 P]. For 32 P labeling, FK34 was 5′ end-labeled with [ 32 P-γ-ATP] (3000 Ci/mmole) and T4 polynucleotide kinase (New England Biolabs). As the non-tracking Cy5-containing strand contained biotin on its 5' end, only the Cy3-containing tracking strand was end-labeled with 32 P. For this reason, reactions using the 32 P-labeled substrate could only monitor release of the Cy3-containing tracking strand.
Unwinding reactions with 32 P-labeled DNA contained BLM Unwinding Buffer described in Methods and Materials 'Single Molecule FRET Assay' without the oxygen scavenger system (50 mM Tris-HCl (pH 7.5), 50 mM NaCl, 5 mM MgCl 2 , 50 μg/ml BSA, 1 mM DTT), 1 nM 32 P-FK34 DNA , Core-BLM (0-160 nM) or
WT-BLM (0-20 nM) and ATP (0-2 mM) in a total volume of 10 µl. Reactions were carried out at 37 o C for 30 min. and terminated by addition of one-third volume of Quench Solution (2% SDS, 150mM EDTA, and 0.3 mg/ml proteinase K) and further incubation at 37 o C for 10 min. DNA products were separated on a non-denaturing 10% PAGE, followed by gel drying and visualization and quantitation using a Typhoon™ 9400 phosphorimager with ImageQuant software (Molecular Dynamics).
Unwinding reactions containing solely fluorescently labeled FK34 DNA contained BLM Unwinding Buffer (described above), 5 nM FK34 DNA , Core-BLM (0-200 nM) or WT-BLM (0-10 nM) and ATP (0-2 mM) in a total volume of 10 µl. Reactions were carried out at 37 o C for 15 min. and terminated by addition of an equal volume of Quench Solution (1% SDS, 60mM EDTA, and 0.25 mg/ml proteinase K) and further incubation at 37 o C for 10 min. DNA products were separated on a non-denaturing 8% PAGE, followed by visualization and quantitation using aTyphoon™ 9400 multilaser scanner and ImageQuant software (Molecular Dynamics). As this detection method is less sensitive than 32 P phosphorimaging, the DNA concentration was increased to 5 nM. Note that the Cy3-containing tracking strand is not accurately visualized using the Typhoon scanner because FRET in the initial substrate removes Cy3 signal. For this reason, this detection method is only used to monitor Cy5-containing non-tracking strand release. With both types of labeled DNAs, the percent unwinding is calculated as the amount of single-stranded species divided by the total amount of labeled DNA in each lane (dsDNA+ssDNA).
Results
To prove that FK34 used in our smFRET assays is actually unwindable by BLM, we provide an independent assay for complete unwinding using non-denaturing polyacrylamide gel electrophoresis.
The BLM-promoted release of each strand was analyzed separately using two different detection methods. As the FK34 substrate is already fluorescently labeled, its unwinding can be monitored using a multilaser fluorescence scanner. However the Cy3 signal is masked due to high FRET of the initial substrate; thus, it is only possible to monitor release of the Cy5-containing non-tracking strand using this detection method. In order to monitor release of the other Cy3-containing tracking strand, we used FK34
additionally labeled with 32 P on the 5' end of the Cy3-containing tracking strand and monitored the release of this strand using a phosphorimager. Again, the low stock concentration of WT-BLM limits the highest concentration used but at that concentration (10 nM), the maximal level of unwinding achieved is 5%. Panel D shows an ATP titration of unwinding by 100 nM Core-BLM at 5 nM DNA substrate with reaching unwinding levels of 34% at the 2 mM ATP. From these results, we conclude that FK34 DNA substrate is capable of being fully unwound at high BLM and ATP concentrations. (black) which is 55% GC in duplex region to FK34-GC DNA substrate (see Table I and Figure S2C ) (red) which is 92% GC in duplex region. All histograms were normalized for the number of measurements (n); (A) ∆FRET; (black) n=330 (Average (i.e. Mean) ± S.E.= 0.307 ± 0.0032); (red) n=479 (Average ± S.E.= 0.37 ± 0.0043) Unwinding of FK34 ( Figure 1A ) was compared to FK50a (see Figure  S1D and Table I) 
Panels

Results
Measurement of hRPA DNA binding and stability
The hRPA effect on the FRET curves shows that persistence of repetitive unwinding is not due to an inability of hRPA to bind the DNA. Structural and ssDNA-binding studies on hRPA would predict that for our substrates, the 30 nt 3′ tail could be bound by the hRPA heterotrimer in either its 30 nt extended high-affinity binding mode or one of its more compact lower-affinity binding modes covering 8-10 nt or 18-23 nts (Cai et al., 2007; Fanning et al., 2006; Wyka et al., 2003) . To ensure that a 30 nt 3′ tail is able to simultaneously accommodate both BLM and hRPA, we showed that hRPA produced the same effect on FK34-T60 ( Supplementary Figure S1B) , a substrate with a 3' ss tail that was twice as long as FK34 (data not shown).
We next investigated how stably hRPA binds to DNA partial duplexes with 3' ss-tails that were T 13 , T 21 and T 30 (Supplementary Figure S10) . hRPA (10 nM) binds tightly to the T 13 substrate and causes a reduction in FRET between the two fluorophores attached to the two extremities of the ss tail, but subsequent washing with reaction buffer causes hRPA to dissociate completely as evidenced by a return to high FRET. With T 21 and T 30 , hRPA binding is much tighter and requires a high salt wash (0.5 M NaCl) for full hRPA dissociation.
The T 13 result suggests that hRPA bound to the unwound DNA in the fork region exists in one of its lower-affinity forms relative to hRPA-bound to longer DNA regions. This is also consistent with a report that scRPA occludes 18-20 nts at 50 mM NaCl, conditions used in our assay (Kumaran et al., 2006) . Unwinding of FK34 (Figure 1A) was compared to FK34-T60 ( Figure S1B and Table I )a substrate otherwise identical to FK34 except for a 3' tail that is 30 nts longer. Experiments were performed at 10 nM WT BLM at 20 μM ATP. Column bars represent the average value ± S.E. N = number of experiments; n= number of measurements. Refer to Statistical Methods for how error bars (S.E.) are calculated. Average Wait Time ± S.E. (FK34) N = 2, n range: 316-372; (FK34-T60) N=2, n range: 401-497.
